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BACKGROUND OF THE INVENTION 

,p^|f,ca..y.o an optic. cross.connec.ofm,c»=.e» 
Havin, a actuator anO '"^^'^ ""2,„„ , „pi„y growing in -he 

30 ,ei=con,m„nica,ions O'^on. ) ■ ^ p^,„,.„.p„,„, -long-itaul- 

are being »«d for .oca. - * -^'^ „ ,Kann=is, c^ied on an optic 

„„sn,issions,Si,ni.ar,..henun,.roop«^^^^^^^^^^^^^^ 

, ^„i„g. ^ i-P— 2 .0 increase fron, one to over .6, with 
„„wed,henun,berofchanneiscarr,edonaf,bert 

35 It-rther expansions planned. ^^p,„ji„g. ,„ ,he case 

Thus, .he need for opfca. sw.tch.ng ^^^^ ^.^ 

„fWPMtechno.og,, an optica, channel is removed from a. 



" ..hPr wavelength-selective device, and 

,o„.ed .0 one of perha^ .e.™a.,o„. Fo - ^ ^^^^ 
„3„s™.s,o„ «ne m,gh> be .o„«d be^.n a ,o a, - J J ,^ ^ „j 

alsogro*'- . . . .i„„,H for several differenl optical 

Switching matrices are being developed for sev 

"Lall fabric- applications have been developed usmg U2, 2x2, 
network applict.ons. Small fabrtc P ,,,, 

,0 and 1X8 type switches, . and even for "large fabric" 

J I. y 32 type switching arrays, anu 

p,ovide 8X8 up to and beyond 2 X , ^ ^ ^^^^^^^ 

switching arrays that can handle 1024 X ^^^^^^^^ ^„^, 

switchinga^y^thataliowanyinpnttobecnnec, to y 

,._^nnec..bnti„»meappllc..nsthe^^^^^^^^^^ 

unfortunately, ~ JJ^-^ ^^^^^^ switching speed, 

s«ll fabric applications may not me^. ^>-" 2 , , „,en desirable 

switching a.ay spa« limitations, and power — ' ^,,„„,, 
.0 upgrade anopt^lnetworuohandlemoret^^by^^^ ^^^^ 

.e installed nberbase,and.hatthesw^* g^^^^^^^^^ 
JO -footprint" allowed for the sw,tchmg matrix. In m , 
dimensional r^triction. similar restricuons might apply to t 

allowable power dissipation. ^rtsing in 

Varioustechniqueshavebeendev^^ S„eral approaches have adapted 

Uie development of more complicated -""""^ -'^ ' ,„,„„,„o, processing 
« photolithographic methods developed P-'''^; * „,„„.,ec,ro.mecbanical 
--""°'-'"'::::r:sl,mo:edevice(motor,,suchasan 
systems C'MEMS-t are used to cr«tte a very 

.Utatic comb drive, electrosutic scraKh "^^^^ , 
„,,attaehed„anoptica,swi.ehingel«^^ 

,0 either fabricated in - ; ; , .^ndicular to the m.or plane 

perpendicular to a switchable ^ „„,^„^, of the mirror is 



W . a ,enical plane of ite wafer can 

-n.■.-«■'*-'"^'":x::^a,«o„-»face^ 

- .mcu. a. can be ^ ^ ,3.. .na a.a, fro. *e ™ior 

Another approach uses can. ^„,^„„«ic f.eW can be used .0 

p,a„e of *e suhs.ra,e in response » a ^ ,„,„o„ when 

,he „,agne,ic freM ,s removed. Aga n. . ^^^^ 

,„.ch operarron or after many swuch c, .« ^ ^ .„ 

are used in an optical switching array, the m^neuc 

„,,rearray,,husf,eiduniJo™n.i«u=s^^^^^^^^ 

However. MBMS t^hno gy ^,^„„„ 

within a cell. Several MEMS appro ^^.^^^.^^ „ay 

.wi.ching^yonar,rs.chip.fahrica..ngas.nd^^^^^ 

„„ a second chip, and .hen aligning and '^^ * Jl o:4 switch elements in a 32 . 
„ array. While this approach appears -J J- ^^J, ,,^„_. and assembly 

"-^^•'""t::— ^^^^^^^^^^^^^^^ 
r;:::::::— o:ntp«hs..enwithMBMs.^^^^^^^ 

,„„l,aneous al.gnmem is diftal. ^^^^ ^^^.^^^ ^^.p,,, 

Purthennore, addrt onal « ^ ^^^^ ^^^^^ ^ .^^ ,„ 

forhadCls. f""-"''"'".^; ";3,l,arehad. switching array can he 
case some of the cells in the mcluded 32 X a y ^^^^^^^ ^^.^ 

assembled to avoid the bad cell by using one oHhe^^ ^ 
^^,„.,^..padditiona,s..— 
25 more extra paths are required than wha ^^^^ ^ 

,,c required ,0 switch the semi-custom 

a^a, ThislacWofstandardsw,tch,nglog.ccancontr,bute 

3„e„cien.op.icau:::r::«o-"«--- 

low power requirements. 
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TrIEF SUMMARY OF THE INVENTION 

■ fthricattd from MEMS celkedB'-n-o"*'"" 
M opto, cross connect ,s fabnc «d ft ^^^^ 

.o™.a*---»7— 

a.*es* an. raises a .rrror a, .a^r 400 - ^^^^ ^^^^ 
,„la,i«„ between channels. The m,rr 

.,„,ors.rFaeeonhe— ^^^^^^^^ ,„apr=Fe.e. 

„umed on fiber mounting blocks bond ^^^^^ ^ „, 

..hodintent. the mounting suhsuate, fiber .ountrng Mocks, 

10 silicon to match thermal expansion. ,„„ cell allow the configuration of 

T^e individual drive mechanisms on each eel 

K,rf«ermined without disrupting any optical pam y 
,He cross connect to be de.en.ined ^^^^^ ^ .^^ ^^^^^ „ , 

i^Han- of , ^mxed to the mirror structure between 

.acetic drivethatmovesam^ntt^^^^^ 

•^:r:rcir::.— ^^^^^^^ 

and improves settling time. ^,i,irements, as 

Providing individual dnv« aU ^ ^^^^ 

,enerallvon,,.Ncellsneedto.sw.— ^ 

,„ many operations reconfiguration ' ""^ J „3^„, or electronic 

or„ssconneetdoesno.re,uiresw.hingo^^^^^^^^^^^ 

„e,d. Power requirements are fiirthe^ -^^y ^.er. 
„ ....rstswitchpositionorthes.^ -^^^^^^^^^^ 

Thus, the cross connect can — s co ^_ ^ .^^ ^.^ ^ 

By a.ssembling the optical cross ^^.^^ ^ 

,,..oasinglefiberpair,.usavoi.ngcom^^^^^^^^^^^^^^ 

„,,.,.witchingelement-^^^^^^^^ 
30 the quality ofthe mirror surface, wiin 

shorter beam paths. 
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Sef description of the drawings 

fig , A is a simplif,=d ,op v,ew of a MEMs cell according .o an 

5 an extended state; ^rti^n nf a MEMs cell according 

Fig. IC is a simplified cross section of a portion of a MbMs 

to an embodiment ofthe present invention; .^.^^ of a MEMs cell w ith a 

Fig 1 D is a simplified cross section of a portion of a MEMs 
Hina to another embodiment ofthe present invention; 

_,a..— ^^^^^^ 

...„ga.in.s:.cHingofaMEMscellacc„.lns.oane.^l.cn,or.ep.sen. 

„ Fi, ,Gisasi.pim=dflowchar.ofan,e.hc.ofopera,ingaMEMsccll 

' according ,0 an embodin,cn.of .he presen. invention; 

Fig. 2A is a simplified top view showmg derails of <he sprmg 

" ''h^'b is a simplified Car. ill.s.ra.i„s *e morion of rhe spring strucrnre 
_.,vorln.me^— 

— t:r:a:3-.opvlewofaMEMscell.i.se„singpo,es 

,emovaMeelemen,ofaMEMscellaccording,oano,.e,em^imen.of.Hepresen, 

3„ Fig. 4A IS a simplified bonom view ofa llghrened and relnfor«d mirror 

according ro an embc^lmen. ofthe present invention; 

Fig 4B Is a simplified cross section ofa MEMs cell w,m B 
.inforced mirror according to another embodiment of the presem invention; 
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Fi, 5* sinnpunea .op view of . ,x8 op.ica, switching anay and 

' .coding .0 ye. anCe, en-Winnen. of *e presen, inve„.,on, ^ 
Fig 5D is a simplifiea lop v,« of a 2x2 optical 

-"«^""^';::rsL:;^-o.a„ofa-.fo.as.^^^^^^ 

..op,ica,s:i:inga.ayacco*g.oano...e— or..ep.e.n.inv=n.,on. 

Fi, 6C is a sin,piif.=d now *ar, of a .e,ho. of rcpainng an op.ical coss 
„ eonnec. acooMing .0 ano*. ..bodi.=n. if *e ptesen. inven.ion. 

DETAILED DESCRiniON OF THE INVENTION 

'"'""iLica, coss-connec, is fai>nca.ea by assent.iing MEMS ce.is on a 

, a, bench Each MEMS cell has a ™r,or fom,ed on .he major 
20 subs.ra.c serving as an opucal bench. . .|i,o„ flexure pivo. hinge on an 

.rfaceof.heMEMSsiiicon.n.insu,a,or*«.-^^^^^^^^^^ 

.„.ofana™in.eg..eaw,.h.he™.ora^^^^^^^^ 

perpendicular .o ^ nrajor surface of *e MEM^c* ^^^^ 
~----:t:::::l ol.T.eop.ica,bean.origina^ 

„ optical tnput fiber with fiber-e p ^.^^^ „ 

,„.„abean..Optlcsontheenaso..«— ^ 

„„totheend„f.he«- 

,ow inter-channel cross-.a k . A m J ^^^^ ^ ^^^^ 

ArItive,y,asn,aller.irror can beswltcheawithevengrea^r speed. 
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II A Magnetic MEMS Optical Switching Ctll 

Fig lAisasimplificdtopvicwofamaEnccMEMScelllOinafirst 

,.,«,cd, position. The ceil, or die, is about 2.3 x 3, , ntn,. Oc„e.„> speaking, seveta, 
|,s ate faLicate. on a silicon^n-insnlatot (SO,, s.hsttate, an. the individual ce, a. 
5 Ihen cu, out of the substrate. Features are defined in the overlying thin .aye, ,-.0-80 
Microns) of sing,e<rysu, silicon „he "superstrate-) by photontasking and etching 
processes. The underlying oxide materia, is then removed from beneath at leas, the 
Tvableportionsofthe device usingaselectiveetch process, in someins.nce.as^^ 

ce,ls, i.e. a portion of a ™w or column of cells on the substrate is cu, out. Tlte ce 
,0 inc.udesaba3eponion.2^dapivo.ingm=mberl4.Thebasepcrtion,stypica,.y 

irdtoacarrlor mounting stibstrateata„edge2,ofthed.anat.epivo.ingmember 

moves relative to the base portion. , . u u- if. 

Ue pivoting member ,4 is attached to the base portion .2wi,hahingc ,6 
a„desse„,ial,yro.atesaboutahingea«achmen,pos,,.Theactualcenterofrota^^^^ 
, 5 the pivoting member varies with the amount of rotation relative to the base. Th . 
ro^ional center generally describes an arc as the pivoting member P'™- 
offset between the hinge attachment pos, 18 and the spHng anchor poim 48. Thus . e 
.otion of the movable element is app^ximately circular. T.e hinge is a narrow «hm 
of single-crystal silicon that allows a, .east about thirty degrees of rotation. The hinge i 
20 flexure pivo, that provides stability to the pivoting member to mamtain planarity w h the 
rduring rotation while avoiding -stietion- (sticking mction, that often plagues hearing 
s^etutes includet. in MEMS devices. The hinge is also relatively stiff to tens* an 
compressive loads on the pivoting member. An atuchment pos, (see Fig. IC, ref, num. 
52) underlying *e hinge a»achmen, ^s, connecs the pivoting member to the base 

" The pivoting member 14 includes a magnetic ub 20 formed on an arm 22. 

The anm moves between two poles 24. 26 when the die is toggled (compa,. to Fig. ^ 
raise and ,ower a mi^or 15 or other optical element. Cutrent^ing coi s 27, 2 a tivate 
,he magnetic circuit, which is completed by the magnetic bHdges 30, 32, 34 to pul th 
30 ma^etic tab 20 into the gap 36 between the ^les to provide a lower energy path for the 
rbe,weenthecores35,37. However, the magnetic Ub contin^s Otrough «,e gap until 
TepLngmember achievesastableposition, .Hatches. In^isex^pU dtep,^^^^^ 
.eler has two stable position, which will be refer,^ to as "retracted" (Fig. I A, and 
"extended" (Fig. IB). 
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"■-™-t-r:":ri:.-.":. 

. * QoMpr eutectic, conductive epo\>, or simuai 

. var.. of conducive .Wi„,s a. aval* .ha. .ou>d induce .he 
r . "Pancake- style windings are iUus,ra.ed in F.gs. 1 A and IB. 
„a^e.ic flux ,n *e core. P»c* ^.^^^^^ ^ 

i„ven,ion can opera.e wi.h a dnve s.gnal less .han ^, ^^.^^ 

3v.nisp.ovidesseve.,prac.ica,aava«a s^P..--^^^^^^ 

20 s,mplevolugeregula.o,. "'.f ^^^^^ Aadi.ionally, fabrica.ing .hesc 

.„,.,e hoos. ''■^^^^ ^^^^ „^„,,„ ,e highc, vo,.ges. 
,^ess.op.vde -nc^.^^^^^^ 

are connected in senes, that IS the currem . variety of other circuits 

^ 1 .na hack to the other bonding pad. .Wanetyoioi 

rLrra;:rc.-^.^^^ 

^„„.con„ec..n.o-.^ 

. .M,Xfe.^en™bodin,en.afe™n.agne.icnicRe,.ironaUoyw,.h45/. 
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with magnetic tab attracts the nnagnenc ^^^^^^^ ^^.^.^^ 

'»::!.r:irac.t„..c...^^^^^^^ 

. t^e aavantage of various — ^^^^^ fro. a 

A spring strucmre 46. whtch „ni„n 12 

,.„ga„c.o,point.,a,socon„ec..Hc.vc^g^^^^^^^^^ ^^^^^^^ 

trough anachntent post (not ^^'';^^2*;ZJ^^ .inge ,6 

„«m.er is rigid to radia, co.pr«s,o„ thr ugh ite ^ ^^^^ ^^^^ 

.„„.c.s,.ioaa.an,tot..ing»»...^^^^^^^^^^ 

is they are all formed from the smgle crysia 

surrounding material. ^ illustrated in Fig. 1 A 

- "-tur. is an cssentiaiiy 

,„ extended, rather than retracted, posttton. J ^ „„„e. or extended position. 

The pivoting member ,s dnven between th p ^^^^^^ 
,.ractionof,be.apneid.i.btHema^e.-0^^ 

be fabricate! to achieve numerous stable states^ ^^^^^ 
formedbyhavmg.wodi.e,.matt.hmem^,».^^^^^^^^ ^^^^^^ 

. 1 8 nnH the soring attachment post 4b. ah 
30 Hingeattachmentpo^t, an *e P ^ ^^,^„^.,„„ , ,„apreferred 

beyond the upper edge 1 7 of the dte, j^^,,,^,, 

embodiment the mittor exte^s at least 400 m,crons .b.ve edg 

switching of free-space optical beams. 



,„ ,„„ve„,io„a, MEMS ~ P ^^^^^^ ^^^^ aev,. 
rro. between *e supe....e a.. ^^^^ ^^^^ „f 

, „nen acne *e ^„^„„„,, ,e e,chan, f.. 

.„,H sides is sumcie. .0 co. - ^„,„,,„„, mhMS .e.,ces 
»U, coalesce ,0 free .he .ovabie elemen 

*e des.^ of .he .ovahie "J ,,,, .^rs, hu. *.s 

.ic..,ess of -.e supers.«.e is use .0 - ,„rf.ce and deposi.ion of .he 

,0 p^sen. addi-iona, chaUen^es ,n fo™ ^ ^ , „f „e 

,e„ec.,ve iayeKs) on a vemcai surface P«P 

acvice. M0*e, approach has been .0 ^rf P^^^^^^^ ^^^^ ^^^^^.^^^^ 

access of .he e.chan. . .„ fo™ ia,,e „»vab,e s.n.c.res in 
be undesirable in some stmcwres. Thus. 

, 5 *e supersua.e wi*ou. P^f-""^ ,He,e are four large smrcmres 

.he MEMS cell ,U„s.«.e^ » s., 
fo^ed ™o„oli.hioa,l, in *e super^u^. ^ ^^^^ ^ ^ ^, ^c 

*e magnetic ub, and *e m.rror. TKe g ^ ^ 

.,».ge of .he large size of *ese s.r^c.r«» c^^ ^^^^^^ ^^^^ 
.0 member. Ue m.gne.ic ub and m^r - ^^^^ ,„„„,^ i„ Figs. 

Fig. ,C is a simphfled cross se „,p„3. 18 and mirror 

,,„dlB,above,.hroughaplane~*^J_^^,^^,^,.,^^,„^^^ 
,5. -n,e hinge attachmen. post .sa»ache ^_^^.^f^^^<,f„„e,ial originally 

microns *i* *rough *e ' ^^^^ , silicon and *e 

« be.ween.hesupers»a,eand*esub^a.e ^ 

,„.„ening ma.erial is silicon ^^^^^J^ ™. „,.rta, has been removed 

.bs.a.es and bonding " , 54, mus allowing .he pivo..ng 

,ombenea**epivo,ingmem^r 14^1«^ .ember is o*erwise aloft of 

„mber»roU.ei"««on.o.hesubs»a«.TlrP 

30 *e subs.ra.e and free » move. ^,„,i^, ,3 provided » 

Selecive e«han, (e.g^HF acid ^^^^^^ 

b^Kside of *e mirror 15 ^-^^^^^L a-el Perf-^ " 
,,„a.ionsareprovidedbenea**em^.^^^^^^ 

„sing backside pho.or.*ography and s,hco„^^ 



.„„ves smcon ca, SL, inCa., a .rec.=d p,as» (anisouopic, e.c. After .e 

---:r::r=— ^^^^^^ 

,0 as a ,U, ,00 or UO p,.e, and ,s .he ,00 ,Me ,„ a a ^^^^^^ ^^^^^ 

„,„„r IS avai,ab,e fo, .pes of ~, as d,e,ec* .Hi. 

„f gold or • s!,e^.W reflec,ors (.hM,m op.,ca, f,l.ers,, 

nim sm* renectors, mcludmg frequeacyselective re..e 

, --.do„d.™.r— ^ 

^....oanoLe— or..pre.„.,.en.,o„.ne..^^^^^^^ 

„.orr,e,d,,..as.e„re.ovea,oe.j».^^^^ 
^»,..XHus..s.,rrorca„.a.os2^^^^ 

- ^e app.,ed .0 .he backs,de ^^^^.^^ ^ ^ 



removed portion of me .„bs inte™'"'* 
movable fe«re J feature and o*er movaMe 

layer is to etched away from beneath the large m 
Ientsof.ese,eetedpa..fo™ed,nthe.p«^^^^^^^^^^^^^ 

,„ a further embodiment, the large movable fea ^ 
,.emirror.net.rei.chemical,,Hi«.s,ep,^^^^^^^ 

mirror coating Is fomted on the mirror surface ,s,e J' ^ , 
.eseleet^portionofthcsubstrateuac^uo.-^^^ 

10 smooth to omit the chemical polishing step. 

IV. Switch Operation , A and IC can operate from a 

,.MEMScellsiUus.a.eda.vem^.-^^ 

,„g,e.sided pulse. Uat Is, current „ .„ted 

,5 drivepoles,hatwllla,trac..hema^et,c.bftom^^*^^^^^^ ^ .ferted to as 

position. Switchtng between positions ,n ^ „„ard the 

poles. Thissitnplinesoperattonofthecellcomp i,a^action. 

ipolar drive sisals. SimiWy. because the --"' ^T^^.^^. This allows the use 
ra.ertoe— c,.sac^..^^^^^^^^^^^^ 

of lower volmge drtve stgnals, parttcularly ^^^^^ ^^^^ ^ 

--.-----:-:;::irvo..agepumps.ages. 
voluge boost pump crcu,^ typtcally r^utr g 
Op,ea,switches — - 
a one sute to another in less than 50 t^S, wh, . ^ ^ 

,„ a particular embodiment, a switch change, sute ,n le 
embodiment, a switch Changes sutes in about, mS or less. 

--°^nr,:i::imp.ed^.ofcurteh..^^ 
- '«°'*-::i:::r:rru:— gas.magnetictab 

pivoting member starts to a«ele-e ^ ^^^^ ^ 

passes throughthednvepoles 146 T.e.^0 „„„„,p„,.is 
fo-.'f--^"*="'^:::,Csta«,era.el4SbecausetheHescontinu=. 
maintained and the pivotmg member starts 

12 



----- ^=^'Ttat::«^^^^^ 

idealized for simplicity of iUustrat.on, and the veloc.ty g 

* " I 'Zl b, routing .he ™i™ abo. .he hinge a..ch.en, pos, .0 e..ena 
,wi,chm8 can be ach,= ed b, ro , ^^^^ ^ ^.„^„„„ 

and reme.*e mirror, for example. 0.her op ,. , „™e.ic drive acn.a.or 

1.) k, ,Ksd A MEMS opncal sv/i.ch wioi a magnti. 
gratings, or lenses could be used. A Mt firs, pulse is 

,„t,„.dedinafirs,posi>ion0..e.ended.^^^^^ 

p^vided .0 .be magne.ic drive ac.ua.or ^^^^^^^J ^ ,,^„„„ , 
,.ged oprical elemen, in .he major plane of .he opna ^^.^^ 
,„abou,ana.is(binge^— 

'"'°"^"^'"t:p.ic.s:"b Z 

,5,s,ep,56).o.ogg..he ^-^ J^^^^^^^ 

counter clock-w,se) about ttre ax,s. In ^^^^^ 
ft,rt,er embodiment the first pulse is mamtamed (s.ep 1 55) .0 

Optical switch. 

20 V. Latching spring Mechanism Hn. structure 46 used in a latching 

member (not shown m this view) 

* inrated with the hinge anchor point ;,see r ig. i 
,3 nesprings.c..incl.esa.c,am. 
25 1 8), and prov ^ serpentine spring 62. 

*=''"^'^°'r:;:rsrborj:^^^^ 

,.,..angui:mo.ionabout.espring-^^^^^^ 

"^■'"^n^'treriM— ^^^^^ 

---'te—rX- 

1q rotated the beams forming tne 
d,= spring anchor point 48. As the prvotrng memte ,s routed. 



illustrated .n F.g. 2A, and that y .^^ ^^^^ 

-n,. .tiff load beam is designed to stiffen the spring structure in 
in the C-spring portion, which is aesigucu 

"°\eserpen,i„esprin,«.*=n„a,co.ponen.of.e...s>™c...T.e 
• » « reduces .he rotaUoaal stiffness by distributing tlte stress over an 

,o:reXr-^^^^ 

:^,eJparedtoasin,p.eflc.n.be»hin,e,t.,ese..n.i„espt,„,reducest^^ 

:r;:— ^^^^^^^^^^^^^ 

member can stably resrd , .„ position or 

30 *'P-''"«-"^'-"'''"J°'""''°^/ ™l!^PMSce,l Itisnoudthattitetrue 
,l,e other with no electrical energy supplied to the MEMS cell. It. s 

Xpoints are a result of bal^ccd forces on all the movable members ,n the sy em, 
:I2dependi„gonthedetai,sof the desi^,.he stability points willnotbe exactly 
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. Icmre will route and compress attheC-spriag. The restonng force 

f *e C-spring goes tough a compression maximum and then at 

,east partta i, "^j j^ ^,,,„„,. atnonnt of compressive for« 

'''^='*'=*"::T'l^rToexamp>ebymoving.^^ 
posu or by ch n gm ^ ^^^^^^^ ^^^^.^ 

-"--nr;:::r— ^^^^^^^^ . 

f.^.,„e,J ft e Jstab,epos,,,ons,eitherex,e„dedorre.racte.Uponcessat,onof 

rd:lgcurren.*epivotingmemher.iUremaininthech„senstah,epos,on. 

p' ,Cisasimp,if,edtopviewofaspringstructure46. accordmg to another 

, Cerilepresent-.^^^^^^^^ 

.e„pivo.sho»ninPig.A.Theaccordion.shap«^^^ 

compliance and high radia, sttfTness, h. ,s ^^J^ ^ ,„ 

30 



360 degrees. 



15 



# 



V,. PosUior, sensing , , ,,^„,i,„ofaMEMSccU80according.oafurAer 
embodimen, of P-esen. ."venuon. Sc 8 P ^^„„„,,„„. 

the magnetic propf'"""'"' 

magnetic circuit. . , . ,n is betveen tlie sensing poles 82. 84 can be 

Whetbet tbe tnagnettc ub 20.^ ^^^^ ^^^^ ,,.e coiis 

aetennine. by measnting .be " ^, magnetic tab 20. 

,0 H 26, bridges 30, 32. 34, cores 35, 7^^ J ^ _^ ^ 

Hence, *e position of *e pivoung e,en,en.ca^ ^„^,,„. Terence in 

.mboOimen. .he sensing ^ies ^ "-"^'^^l^^,^ ^„>„„ to sense tbe posirion 
.auct^ce between .be retracted '"^"^'^^J^^, ean be -e by providrng 
„ftbcpivotingn,e.ber.Howev»^^^^^^ 

, 5 *e ntagneUe sensing ecu,. posi.ion .be p,vo.mg 

member tbroughout a range 

magnetic ub and an opposing spring. p^,^ 

*^'""""''T8 liana.™. gap86.o*emagnc.ic.b20, 
,0 es^iished between .he sensor po e « ^^^^ ^^^^ 

»,oss .be adjacen. ^„,„ ,„, ,2 designa.ed ,be Y-h" reg.on. 

Bacb sensing pole is shaped wt* a nan. ^^^^^ ,„^t 

fttnction of the pinch region rs . * J ^,„me 
*ben *e ceU is .oggled ^om one ^s«n . ^^^^ ^^^^^^^ ^ 

« magncicaiiy sa»ra.ed and .= '^^^'^J^J^^.^ tbe major actuator poie. in 

poie s^ucture assures ^^^'^^^^ ^be sensor poies aiso exert 

„,er.on,axin,ize.be.or,ueofd,eac«a..^ 

a force on ,hc ro»n6 n.en,ber when .heJ«*J ^^^^^^ ^„„,„^ „f 

,„r« can be used .0 offse. or fme-.ne *e be « 
3„.rcecanbeaccon,p«shedby*s.^*-- 

Fortbepreferredembodune U of .he pinch 

„nO./.-30o/,of*ewid*of.heJ-PO,^^^^^^ 

w>"-p="-"---7;::::i„erdyn«ic™^^ 

more sensitive measurement, but «.». 

1 n 
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™,ified diagram of a circ.U 96 for rogg.in. .he MEMS 
s«,csa„dfor—^^^^^^^^^^ 

.he co«s of me MEMS ce« .hrou •> *e bond g P 
3 ,,,„g.s-osci,Uo.s,g.a,-.-^^^^^^ 

.easing ci.ui.. „,,,„,„n. fre^uene, is chosen .0 

,,e re.«.ed versus .he eK.ended ^ ^^^^^^^^^ ,evera, 

----- .t:::— onof.^^ 

MHz, measurement mmimizes the conir 
,„ „ reading by .ning ou. .his ,.ger ^^^^ ^ 
P«er is supplied trough a resrs o ^ 
.hedev,ce,aswenas.o.hee,ec.ronicf.nc„o^^^^^^^^^^ 
;„,c»eeeon,para.or9Sa„dfre,u.cgne^^^^ 

* sano..u.,io,.^^^^^^ 

emended,, eo^par 'or .0 pr ^^^^^^^^ ^^^^„„^ 

W,ca.ing d.e surre of *= swrrt. Tire ou ^ ^^^^^^^ ^^^^^ 

measured inductee of .he posirion or .he ex.ended posi.ion. 

,,.e of *e device as berng Cher m .he re.rac»^P 

---"-""■'":::::::j*n.epivo..ng™=.-and 

20 sensing circuit. A large inductance va , Ho>»=.er when .he rou,.in8 

„g„e.ic * are in .he '^^'^ '^'^X^ , ^ „gne.ic is absen. fro. .he gap, 

"„.aMEMSsw,,chaccord.ng.oanen,bc.,«nof*^;^^^^^^ 

,,,,, is provided .i* a -gne-i--"^ ^ ; ,:,„o„ and drsposed ,o a,.er 
,.^„e of being swirched fron, a ^s^-n ^^^^^ 
,e impedance of .he n.agne.,c ^"^J^^^ 'J ,^4), measuring *e 

.0 eiemen.. Providing a re.r«,ce s^^J P ^^.^^^ .o dre 

impedance of *e '^^^ „^ ;„pedanee «i* «.e reference si^a. 

e„.para.or(s.epi6S).Comp-*eme;^^^^^^^^^^ 



^ m a further embdfcnt, the magnetic 

— « c» — , „„, poie. a.a a 
includes a firs. ac.ua>or pol=. .,„„ ,,p„sed benvcen 

«coad sensor ^e. » V« p.* re,o„ .s ..posed 

,efirs.se.orpo.a„d.enrs,.».rH-^^^^^^ 
5 between the second sensor pole and .he seco 

Vn. Fabricarion of a U>w.lnertia Mirror ^^^^ 

When MEMS cells are used ,n an op., 
,wi.ching speeds are generally preferable .oslo» 

nnwer rather than with more. 
,0 ,enera,,,moredeslrable.oswUchs^=s- ^^^^^^^^^ 

objedves can be me. b, lower,ng .he m r,« 0. ^^^^^ ^^^^^^^ 

..„ber.Onewa,.o.ower0.en,ass,.o-^^^^^^^^^^^^^^^^^^ 

.x»p.e. if ™- - "ll^^s However, i. n,ay be desirable .o 

550 X 780 microns is one »ay .ore uc ^,^5 ^i, „ oter oplical 

,5 main.in.he larger mi.or Size .oai ah^me^^^^^^^^^^ 

Yemenis or .0 r^uce *e inser..on loss of a 0^.^ J ^^^^ 

.,.„a.ively,.— 0^-^^^^ 
.icons .0 abou, 20 microns. — „„„ ,,.or.,on 

„«,sive *inning of .He larger m.rror red .^^ ^^^^^^ „ 

,Oof.em,rror.ooccur,resul.ingf™m-^^^^^^^^^^^ 

s„sses arising from changes m *e amb,e«J P ^.^^^ ^^^^^^ 

Fig. 4A is a simplified bo«omv,ewo .^e .hinner 

,.^,,i„g.oa„embod-of.i.epres»j--^^^^^^^^^^^^^^ 
„,„or segmenrs IS6. A radia, spoke pan»^* ^ ^ 
a i,lus.ra.ed, bu, several o*er panems are p^^ b ^ ^,„„e, 
3.„H0microns.h,cMess=n.*.^^^^^^^^^ 
.^en.s are abou. 20 m,crons * C. . ^ ^^^^ ^^^^^^^^ 

according <o many variables, as *ose eonfigurarions and 

,„alysisca„beused.omodeUhem.rrorsm.c»re.o 

30 .hickness. reinforced minor smicWre 180 

Pi, 4B is a s^Pl'fied - ^„ 

i„„s«ed in Fig. 4A. A ^'^^'^^^ ,„ .acRside of .he mirror. The 

.„...emir.rs.c.e^-^^^ 

circumferential nb 18^ ana u 

I o 



1"=::::=^:-.^;-:— ^^^^ 

overlying the sections to be thmn ^^^ercutting to free the m.rror 

r ^^^^^^^^^^ 

: described in associauonwUh Fig. m may 



the procedures ' 



10 masking steps. 



V,u. Exemplary optical switching Arrays „i„,i„g array 200 

r,t. 5A is a simplified top ..ew of a 1x8 op ^^^^ ^ 

, „f ihe oresenl invention. An mput tiba f"- v 
according to an embodiment of the prese 

,opticaUi^a,.oacollimato,msuch-.ad^^^^^^^ 

„p^ds the light signal from the end of the ^^^^^ 
^.els along an optical axis essentially paral Uo *e m ^^^^ ^ 

«bs.ate 20S of the array. The co,l,ma.or can 1. « ^ ^ 

3ssembliesa,ail.bleftomNSOAmenca>c.,ofSom«. 

20 SELFOC®. i„™ielinaforan8x8andal6xl6optical 
using Gaussian beam opucal modelmg lo ^^^^ 
J , n mm SELFOC* lens, less than 0.2 an insc 
cross connects ("OXC") and a 1.0 mm SELFO ^ 
a„ optical paths for the 8x8 OXC and less than .5 d 

MEMS ecus with an essentially ellipttcal "^^^ „at the 

*at some additional loss will occnr due to a^m» err ^^^^ ^ ^^^^ ^ ^ 

_,..i„ser.ion,oss.r„agh.yP^^^^^^ 
„ desirable that the m^or has 

oMer to refiec. the Ganssian beam, and thus a e ^^^^ ^^^^^ 

,„ „„e embcdimen. the m— « ^^^^^ 

30 optical bench and the flber/coUimator ^^^^ „,^e subs^te 

.ountingbloc^thatholdtheflbersatthepro^^tSh^^^^^^ 

for optically coupling to the rai^i mtrrors. 
..erialwl^asimilarcoefriclent— -^^^^^ 
sensitivity and thermally induced stresses. 



.necivc paths ,0 seven o,hero«,pu. f.be. 12 depend, ^^^^^ 
11= 9 1 4 are (extended as shoNvn in Hg. 1 B). r 

, ofhe swuc ,n, -"^^'^ ^ „p,ea, signa, fro. .he ,npu, 

nrstceU 2,6 was „, is no. high, ,hen 

.o„i™,or 204 .0 ,he — ' " „ „.pn, co>.in,a.o. 

rr:rre:s:::eop.ca,.a.pa*..-he:npn.co,,-o..h.^ 

..o,pJ:nL — s.s..eh.o.^^^^^^^^^^^^^ 

— *e ...or ,n .he des^ ^^^^^^^^ ,,,^„„„. ,,,, 

' 5 P-'^- " Ic pulse .0 an Individual ™gne.ic drive on each 

the cells is aCivated by applying an elecmc pulse 

T,e n,i™, achieves high reflec.ivi.y because *e n,i.or surface is fonned 
THe mirror a.. , ,1 100 or 110)of .he subsffate from 

,y Chemically e,chlngan,ai„rc.s.,pla.e(..~ 

20 which .he MEMS cells a. formed, *us *e - J 

""However even wi* such high ,uali.y mirrors, some varlarlon be^veen 
" TT „„f,hepresen.inven.ionallowselec,ln8higherqual,9 

mirrors arises. Embod,men.s 2,8 
mirrors for .he more cr,.«l s.gnal patns- For exampi ^^^^^^ 
...shonerpa*leng*.o*elnpu.co,lima,or204.h.^--«^ 
222, making «,e firs, reflective pa* more sens,«ve .0 mirror ciU^ ^.^ ^^^^ ^ ^^^^ ^ 

r^mir,or,ua,i.yandase„nm„«^^^^^ ^^^^^^^^^^^^ 
placed closest to the input collimator. 



Si„nf eacK .i^r ca„ ^ Miv^^ly aligned ,o a s.^ie pa. of op,ical 

— ^^^^^^^^ 
>TDL"). Optim.zat,on can be ach.eved y ^.^^^ 

fi.. i„s»ce !lss<,c-.a,ed wUh each of .he respecUve ou.p. pa.hs. Also, 

*''"^"'""::i!:ro.he.-,.o,n,*.ac„.p.^ 

,e ah,n.e. of *e . f.^ ^, ,„„ehes a. 

'° r! 1 J.e™s .,np«- ana "ou-pur are use. fo, purposes of 

10 often reciprocal devices, ana mu 

discussion only^ ^^^^^ ^ ^^^^ ,^„^ ,„rf,,e of >he 

, : a^ raswellasroufed. In son,e e^bodimenu, .he f,he. .ay he pre- 

*T rl hl" is auached .o ,he .oun.ing suhsua.e, and in o.he. 
aligned on a fiher block * ■ . ^ .o U,= 

-^"^'^-^^THt !:Ze.ed.ha..he.i.o.ineachce,,.venica,.o.he 

associated ..rroKs). • .s ' J ,^ ali,.n.en, wi.h 

""7"^?™: i ii:a:wsop.i.i..ionofeachpa.h,..he.han 

a3.n,h,y ^ ,,3 .rou^h ano.he, pa*. 

sfo. — ^ 
• ,.,nr. such as piezo-electric actuators, to position the cell 

,he des,red place on *e subs»a ^ ^^^.^^ 

" UoTnt P^I whilc a pho»-de.ec». .easu.es .he ou.pu. a, *e o*e. po.. 
25 m op..cal s,gnal » one port, wh P ^^^^ 

co..o„,y kno»n as ^^^^^^^^^^^^ *e sou« and 

maniputoed un.il *e desired ttansmiss.on character. 

de.ec.orisobnined. „,^l,h Fia I A can be mechanically 

----'"*-r:'"::::: lijberaisedaspanofa 
30,„.,ed,as»el,aselec».n.^-«^^^ 

example. The OXC can tnen ^^^^^ alignment of 

,H^.entofacell,themirrorcanbepush^^^w^^^^^^^^ 

next cell without providing a control signal. The latchmg 

21 



.on hp without having to 

*e n,i™r in .he —sUion. Thus, en.,. an.y can be ai.gne 

provide elecronic swi.ching signals .o .he cells. 
Th,. cell miBht be 

The cell mign 1^ ^^^^^ ,l,e 

a single ope».,on, each cell of a.ay .„ 

,0 fl,e array .s no. required .o M„,esof adie in thearray. 

.aundancy for o,her rea»ns, -'^^'^'^^ ,,gran, 224 for p^vid.ng 

"'™"tCs is "e .eMEMSce,la^,.-^^^^^^ 
elecical connecons .o .he MEMS ^„ „ ^ ,„„„ol crcui. 

ending or similar .echniques are used .o e— ^ 
,5 226 or circui.s. Each cel, has a common Ime 22S a^ a J ^^^^ 

20 circuit provides electric sigiw 

t,rtherernbodiment,asensec.rcuU234c^^^^^^^^^ 
25 associated cell. The sense circu.t can be integrated 

separate circuit. ^^^^ ^^^^^ optica, cross 

25 Irding to another e.bodi.ent of the present invention, 
connect switching array 250 according ^^.^^^^^ 

u HM^^ cells (dice) 252 to allow each of the mpuis lu 
The array has 64 (N ) cells (.oic ; 
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, 3, fenced o„ .ounUns s».s„a,e 20». .si„s co„,»,io«i 

of illustration, but generau> oi 

A second se, of fibe s ^^^^ ^^^^ ^„„„^ 

, ,n a second flbe. n,oo«« >o* • ^^^^ ^^^^^ 

-*'°-^'*''°"^;\t)rl.aLd,o.= proviaed.o*ea.a,.Fo, 

„f „ an inp. co„«o, would ^ ra.ed 

exan,plc, only one m,™, along op. P ^^^^ 

,0 output would r«,uKe, a. most lower, g output to another 

Similar,, each of the other input s.^a, co ^ h^ w ^^^^^ 
output using at most two pulses- one to ^^-^'^J^ with on,, 16 pulses. Of 

,e desired mi.or. T.us, the entire ^^^ ''^^^^^^^l^ be required for those paths, 
course, some paths might not he chang^ and ^ power 

,5 Thenumberofpulsesneeded,ore.co„figure.hea.ay,sgene 

„,uired to ^ oalled the through output flhers, is 

K,„.lc 261 generally with collimators or other opttcs 
Il' htfrol dteoppositeinputfther When no mi.or 

-''^•^*:""^t™slM:off,h!rscanheomittedinsomeemMiments 
20 in that path, s raised. This thud se However, in some applications thts 

depending on the anticipated applicanon "^^^ „^,, „i,l 

™ost of the optical signals most of the ., me. ^^^^^^^ 

-e 1 which, generally speaKing, the optical heam fr,»r^^ 
have an opltmum throw oisui „„„„„lv referred to as the "beam wa.st . 

.„e collimator has the smaller cross secon, common y 
30-.o".e'---'^=7:::::rrdCcefrom»mpu.coll,mato,toa 
.''r^rlCIUenarrowportionofthe heam waist 
.irrorofaswrtchtngd^gen^ ^^^^_^^^^^^^^^^^„,^„^,,„,,,,ucing 
„ost of the beam can be renecud o ^„ 
insertion loss. However, m reference to f,g. 
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^ „f same leng*. or .ha. all swU^pa'ta from .he input 
p„„su>*eo..pu.ponsareof.hesan,elenp as abou, 24-26 mm 

„l.ma,o. .0 an ou,pu. colllma.o. tal, wUhm a ' ,^.,3 
.ra.>.-,(fo.acoUlma,o..ha,«.esa^^^^^^ 
5 pa*s ma, be signlfican.ly longer or sheer. 1^ ng ^^^^ ^^^^^^ 

,0 essemlally elUp.ical m,™r of abou. x ^^^,„,„, , eel. with a., 

swnehlng speed of abou. 200 m,croseconds. , ano* ^.^^^^^ 

oflessthanlmS. The relat.vely ^.^d "behind'- another and so 

Waht thus one switching ceu tan h 
f^e-space beams of hgh., ^^^^^ ,„ 

1 5 for*. The magne.ic mo.or provides a relauvelj g 

a short amount of time^ ,^ ^^^^^^ p. ^ , ^ 3 mie 

Since the MEMS ce de c ^ ^^^^^^^ ,^ 

,.chi„g device (compared .0 sw,.eh ~ „^^„„, 
«,,.cce,,onl,consumespow«^^^^^^^^^^^ 

^» ^--^"•'*7:ri«swi.hingappr.^^^^^^ 

is required .osw,rt su.es. If a SONt .ype switching period is 

switching penod, .hen .he average power consumed over 

* * ,„ , „o«.case S . 8 cross-connec. reco„rigu,a.io„ 

«---'-""^"'^r:!';:rs!:,vwithamuch lower averageou^ 
„„, occurs during the switch .,.^f» ^ ^ ^^.^^ _ , 

be used. For example, a power supply havm ^^^^^ 
I f I n% could accumulatt power ma storage device, sucn H 

alftough additional capacily is wicallyP'OviOed. 
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• ,.nD/DROPcro»connec.25Ucco,dmg.oano.h« 

Fie 5C is an optical ADD/UKur 

The ADD/DROP MOSS connecl has K 

e„bod,m=« of *e pr=s=nt ,n«n.,o„. T ^^^^ 

a.a associaud optics, w.ich arc ^ J^^, ^„„.„,„« of ..scussion. *c 

.„.e.., .a,c.n, nu*. of ^ sccon. se, of f.^rs 2» 

3 f,rs,se.off,bcrs2«.i.i>>ctcfc-rca.o s -P-^^ 

,,,..fe.e<,,oas.co.p-.«.s^.--^^^^^^^ 

DROP nbcrs, and the fourth set of fibers ^^^^^ ^^^^^ cross-connect. 

,„,,..hcar.«,i.appreciate.a...« 
,ha. different types of ports could be pre«n 

'«---'^'^'°rrro:rrd:;*^ 

(second) fiber set, or ADD or UKU 

^^^^^^^^^ 

,,ediceiscapableofs.i.ch,.aa.-^^ 

P.,,,D. f-»-''='"=";;X,dedn,lrror2«ofaMEMsdiea65. mother 
24, is reflected off the ra.sed double s,d ^^^^^^^ 
..orsin^eopticalbearnpa^r.^^^^^^^^^^^ 

, „nccted to a DROP outp 1 26r Co ^^^^^^ ^ ^^^^^ ^^^^^ ^ „ 
20 269 is reflected to an output fiber 2 . ^^^^ ^ 

mother being added. Op„cal „ „„.p„, fibers. In contrast 

,.pped.»ithcorrespondinsADOJ^^^^^^^ 

,„s,.ple— P^swn*. ^ 
ftomaninputtoanyofavanety 

25 corresponding ADD signal to the -^-^"Jj ,oD/DROP array. For 

30 (Channel) shifting. „ vie* of a2x2 optical switch291 that can be 

Pi, 50 is a s,.pur«d ,0^ , ^ ^ , ^„„<, 

eonnguredasanADO/DROPJ'^-^- „^„,^„2,,. Ues— 



• . . T.e swUchabl. e,e«n. is raisri into and lo-red 

surface 30, of op« sw,.. * ^ 
of .he free-space opfica, bea. pa hs fr^ J ^ ^„.,,ed ...or 

,3 .«v.y lar^e, having a n,in,n,un, d,. n -o 
,,..,o.s..,c.en..n-ionof-=o.,^^^^^^ 

T^e nrs. and second mpu.por.sp .^^.,^„^ 
.„,.on.»een.r.s..es..c-e .n^..^^ 

,„ .e inpu. bean, of abou, 45', » ^ ,^„, could fom, a lower 

„u,d be placed in o.be, orien.a.,on. in - ^^^„,,„, , 

,0 .„,e of incidence (Cose, .0 non..) •» , , wi* *e swLcbed 

forcKampie. >" o"»— ^ wid, .be inpu., in ano.ber, -be an.ie 
o„.pu.po.*enfonn.inganan^eof^«J 

^„een .he inpu. and swi.cbed output be«s ^^^^^ ,„^«e 

,ed,e/,.reia,ion.otbeoptic PO^-^ - .^^ 

devices have a reiauonMUK 
fabrication process. 

,X. Exemplary Assembiyfoc- ^^^^^^^ fo, assembling an OXC 

,,,.isas..p, ed^- Antountingsubs^tewitbtwo 
according to an embodiment of.be prese ^ ^^^^ a 

„p.ica, inpu. and .wo op.ical outpu. ~^d ^ ^ ,„ *e 

« raised reflector is aliped .o refl.. " ^ ,.p 257). A second 

«optica,o„tput(step«.andaff.^. . - ;^^^,^^„„,„^,^ 
,5 MEMscellwi^asecondmised.*^--^^ ,^^^^„,^„^,«„„^^^^^ 

second optical input to the second °i'>-'° „nec,or is in the opttca. 

s„.tra.(s.ep.63V.napa.icular=— ^^^^ 

path from the second opticahnput to. e ,^ ^ ^,„„.i»e embodiment an 

pushed to latch in a retracted P°*» „ .™t the flrst reflector. 

30 electronic control signal is provded to the flrs 
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V Array S-ate sensing ,.,„.;« IC the position of the optical switch 

M discussed a^ve in telatton to F . C P° ^^^^^^ 
^^„,^,„^,..,„as.io..^^P^^^^^^ 

lines. *s, the state often send an 

5 disrupting an, optical signal path. Conv»t ^^^^ 
oP-Uestsigna,downtheu.u.a^^^^^^^^^^^^ 
presence Of the test Signal. Th.s .s 

— "\„sihg.he.sitionorin.iaualce— 
,„..hingar.a,e,ec.rohical,,,.3.— 

..era, reasons. First, many optical si^al a, .e detector 

,„„al sour. an. ^^J^^^^ ^,„, „ Carlmg. Using an eiecutc 

.ould notnecessaril, '-''V;''"^ ide„ti«ion of *e indtvrdnal 
^.ng^ethodaccord^gtothcpr^n -n 

,5 eeil tn a articular switching array * ^ ,„ *e identtfted 

couldallowanopet^toratarernoteoc^t. ^^^^^.^^^^^^^^^ 

,,„,„a„entpt.otogglethecellw,.ho.a2«J^^^ 

Similarly, a local senstng crcutt ^^^^^ 
.,,,.i.chingfau..sa„.cvena.^.n^^^^^^^^^ 

,0 receiving an array conftguration con^and ^^^^^^^^^ 

^pecif,ccells.oconr,gure*eo.icalcro^^^^^^^^^ 

Irtguration could be expressed as a log c a. . ^ ^^^^ 
, , „ „, associated with ^'-"^'^^^^^ „„,d then chec. the state of each of 
operating in conjunction with the loc s^n- 
,3 thcre^v-cellsandchccWitagatn.* «^ 

d,screpa„cy. the logic circuih. could the - P ^^^^ 
„and.oggle.hecell.Thetoggleope.o--P 

pLntinventionhecausethesarneP*.^ 

:.her.lfthefaul.wasno.c„rrected*e-U^^^^^^^^^ 
,0 ,0 an operator, whocould take any o -e ^^^^^^^ 
^„„gh mother path anddispatchtngarepatm, 

connect. n„„ chart of a method for sensing an optical 

^'^■."^:t!r:irapiu*o---"--'='^*"' 

network configuration 260. man 



u^f a cell Is measured (step 

.„„.c,. o, .a, .ave a«,o„a, conuo, « ^^^^^ 
„ a reference value (step 266, to produce . ^^^^ ^^^^^ 

, outpu,.co.par..oa„e.pecte.ce«s» P-^ 

e,„al the expected cell state, a toggle pulse ts p ^^^^ ^^^^^^ 

,.Hanc=-..e..-ur.;^--™^ 

sute. If it has not. an error s.gnal can be ^^^^ ^^^^.^^^^ 

*h array is not responding to the toggl pu.«^ ^ ^^^^ ^^^^ ^ 

:r:;re:V;e:;isuccessf*.o.ieso„theseeon^ 

XI. Exemplary Repair Process „f a method 280 of repairing an OXC 

Fig. 6C is a simplified flow Chan of a me ,„ a„ OXC with a plurality of 

according to another embod.ment of the - ,„„f„„ed to 

,„dividually actuated MEMs cells „roptic.l outputs, 

,„„ch an optical he» front an ^'"-^'"^l^ ,,,, ^EMs cell has heen 
;den,ifyingaMEMscellthathasfa,letl(stp2 ■ ^^^^ 
,0 identified, unhonding.hatcel*.thern ntmgsu^^^^ 

,hen bonded to the mounting subsBate , mvention have been 

«,,eprefe^cm^^c-^^^^^^^^ 

„ Ulustrated in deuil, it should be ap^r.. ^ ^ , 

,„.e « beams ,„ aswi,chingopera.ion without 
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